
�¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 1998. ü3 59��� 621.738.3������������ �A��� �� ��������� ���������� ��� ���������.��������� ��������. �. �à¨è¨, �. �.�®¢¨ª®¢ (�����)� áá¬®âà¥ë ®á®¡¥®áâ¨ à ¡®âë á¨«ì®â®ç®£® « §¥à -£¥¥à â®à    á¢®¡®¤ëå í«¥ªâà® å ¢à¥¦¨¬¥ ª®««¥ªâ¨¢®£® ¢®§¡ã¦¤¥¨ï í«¥ªâà®¬ £¨âëå ¢®«. �æ¥¨¢ îâáï áâ àâ®¢ë¥ ãá«®¢¨ï § -¯ãáª  ãáâà®©áâ¢ . �®ª §ë¢ ¥âáï ¢®§¬®¦®áâì à¥ «¨§ æ¨¨ ª®««¥ªâ¨¢®£® £¥¥p â®p®£® à¥¦¨¬  ¢á®¢à¥¬¥ëå í«¥ªâà®ëå ãáª®à¨â¥«ïå.� à ¡®â¥  ¢â®à®¢ [1] ¯®ª § ®, çâ® á¨«ì®â®ç-ë© « §¥à   á¢®¡®¤ëå í«¥ªâà® å (���), ¢ ª®â®-à®¬ ¨á¯®«ì§ãîâáï ¯ãçª¨ í«¥ªâà®®¢ á ¬ «ë¬ í¬¨â-â á®¬, ®¡¥á¯¥ç¨¢ ¥â ¢ëá®ª¨© ª®íää¨æ¨¥â ãá¨«¥-¨ï í«¥ªâà®¬ £¨â®£® á¨£ « , çâ® ¯®§¢®«ï¥â à á-è¨à¨âì ¢®§¬®¦®áâ¨ ¯® á®§¤ ¨î ¨áâ®ç¨ª®¢ ª®£¥-à¥â®£® ª®à®âª®¢®«®¢®£® ¨§«ãç¥¨ï. �  áâ®ïé¥©áâ âì¥ ¯®ª § ®, ª ª á¨«ì®â®çë© à¥¦¨¬ ¯à®ï¢«ï-¥âáï ¢ à ¡®â¥ ���-£¥¥à â®à  ¨ ª ª®¢ë áâ àâ®¢ë¥ãá«®¢¨ï £¥¥à â®à .� áá¬®âà¨¬ âà ¤¨æ¨®ãî áå¥¬ã £¥¥à â®à   § àï¦¥®¬ ¯ãçª¥. �¨áâ¥¬ , ¢ëáâà®¥ ï ¢¤®«ì ®á¨z, ¨¬¥¥â ®¤ã«ïâ®à á ¯¥à¨®¤®¬ �0 ¨ ¤«¨®© Lund,ª®â®àë© à §¬¥é¥ ¬¥¦¤ã ¤¢ã¬ï í«¥ªâà®¬ £¨âë-¬¨ §¥àª « ¬¨. �¥àª « , à á¯®«®¦¥ë¥   à ááâ®ï-¨¨ Lm (Lm > Lund), ®¡à §ãîâ ®âªàëâë© à¥§® â®à.� â®çª¥ z0 ¯¥à¥¤ ®¤ã«ïâ®à®¬ á ¯®¬®éìî ¤®¯®«¨-â¥«ìëå ¬ £¨â®¢ ¢ á¨áâ¥¬ã ¥¯à¥àë¢® ¨¦¥ªâ¨pã-¥âáï ¬®®í¥à£¥â¨ç¥áª¨© í«¥ªâà®ë© ¯ãç®ª. �¥à-£¨ï í«¥ªâp®®¢ E = mc2L, £¤¥ L | à¥«ïâ¨¢¨áâáª¨©ä ªâ®à;  ç «ì ï áª®à®áâì í«¥ªâà®®¢ v0 = �0c. �¥-à¥¬¥é ïáì ¢¤®«ì ®¤ã«ïâ®à , í«¥ªâà®ë ¯à¨®¡à¥â -îâ ¯®¯¥à¥çãî áª®à®áâì v? = �?c, çâ® ¯®§¢®«ï¥â¨¬ ¢§ ¨¬®¤¥©áâ¢®¢ âì á ®¯â¨ç¥áª®© (â. ¥. ¯®¯¥à¥ç®©)¢®«®©. �®á«¥ ¯à®«¥â  ®¤ã«ïâ®à  í«¥ªâà®ë© ¯ã-ç®ª ¢ë¢®¤¨âáï ¨§ á¨áâ¥¬ë (á ¯®¬®éìî ¤®¯®«¨â¥«ì-®© á¨áâ¥¬ë ¬ £¨â®¢).�à®  «¨§¨àã¥¬ áâ àâ®¢ë¥ ãá«®¢¨ï ¢ á¨«ì®â®ç-®¬ ���-£¥¥à â®à¥. �ãáâì ¢ á¨áâ¥¬ã ¯®¤ ¥âáï  -ç «ìë© í«¥ªâà®¬ £¨âë© á¨£ « á ç áâ®â®© !. C¨-£ «, à á¯à®áâà ïïáì ¢¤®«ì á¨áâ¥¬ë, ãá¨«¨¢ ¥âáï ¢®¤ã«ïâ®à¥ í«¥ªâà®ë¬ ¯ãçª®¬ (¯à¨ ®¯à¥¤¥«¥ëåãá«®¢¨ïå, á¬. ¨¦¥),   § â¥¬ ¯®á«¥ ç áâ¨ç®£® ¨§«ã-ç¥¨ï ¨ ®âà ¦¥¨ï   ¢ëå®¤®¬ ¨ ¯¥à¢®¬ §¥àª « å¢®§¢à é ¥âáï ª ¨áå®¤®© â®çª¥. �â àâ®¢ë¥ ãá«®¢¨ï���-£¥¥à â®à  ®æ¥¨¢ îâáï ¨áå®¤ï ¨§ ¯à¥¤¯®«®¦¥-¨ï, çâ® ãá¨«¥¨¥ æ¨àªã«¨àãîé¥£® á¨£ «   ç¨ ¥â¯à¥®¡« ¤ âì  ¤ ¥£® ¯®£«®é¥¨¥¬ ¨ à áá¥ï¨¥¬. �®á¨«ì®â®çë© ��� ¨¬¥¥â á¢®¨ ¢ ¦ë¥ ®á®¡¥®áâ¨.�«¥ªâà®ë© ¯ãç®ª ¢ ®¤ã«ïâ®à¥ ï¢«ï¥âáï í«¥ª-âà®¬ £¨â®© áà¥¤®©, ¢ ª®â®à®© ¬®£ãâ à á¯à®áâà -ïâìáï ¢ ®¡®¨å  ¯à ¢«¥¨ïå ¯®¯¥à¥çë¥ ¢®«ë à §-«¨çëå ¬®¤. �¥à¢® ç «ìë© á¨£ « à á¯à¥¤¥«ï¥âáï¬¥¦¤ã ¯®¯ãâë¬¨ ¯® ®â®è¥¨î ª ¯ãçªã ¢®« ¬¨,

¥ª®â®àë¥ ¨§ ª®â®àëå ¬®£ãâ  ªâ¨¢® ¢§ ¨¬®¤¥©áâ-¢®¢ âì á í«¥ªâà® ¬¨. �§ ¨¬®¤¥©áâ¢¨¥ ¯à¨®¡à¥â ¥âà¥§® áë© å à ªâ¥à, ¥á«¨ ¢ë¯®«ïîâáï ãá«®¢¨ï! = k c ; k = k0 �0z1� �0z ; (1)£¤¥ k |¢¥«¨ç¨  ¢®«®¢®£® ¢¥ªâ®à , k0 = 2�=�0,�0z = (�20 � �2?)1=2.�à ªâ¨ç¥áª¨ ¬®¦® ®£à ¨ç¨âìáï à áá¬®âà¥¨¥¬â®«ìª® ®¤®© ¯®¯ãâ®©  ¨¡®«¥¥ ãá¨«¨¢ ¥¬®© ¢®«ë¨ ®¤®©  ¨¬¥¥¥ § âãå îé¥© ¢®§¢à é îé¥©áï ¢®«-ë. �ãáâì ®â®è¥¨¥  ¬¯«¨âã¤ ¢®§¢p é îé¥©áï ¨ ç «ì®© ¢®« p ¢® ¥ª®â®p®© ¢¥«¨ç¨¥ K. �®£¤ ¨â®£®¢ë© ¡ « á ãá¨«¥¨ï ¨ ¯®£«®é¥¨ï  ç «ì®£®á¨£ «  ¯à¨¢®¤¨â ª á®®â®è¥¨î (á¬. â ª¦¥ [2])R1R2 exp0@i LmZ0 (k+ � k�) dz1A = K ; (2)£¤¥ R1;2 | ª®íää¨æ¨¥âë âà áä®à¬ æ¨¨  ¬¯«¨âã¤¢®« ¯à¨ ¨å ®âà ¦¥¨¨   ¯¥à¢®¬ ¨ ¢ëå®¤®¬ §¥àª -« å (ãç¨âë¢ îâáï ¨ ¯®£«®é¥¨¥, ¨ ¨§«ãç¥¨¥ á¨£ -« ), k+ ¨ k� | ¢®«®¢ë¥ ¢¥ªâ®àë ¯àï¬®© ¨ ®¡à â®©¢®« ¤«ï § ¤ ëå ¬®¤ ¨ ç áâ®âë. �¤¥áì ¯®« £ ¥âáïâ ª¦¥, çâ® ¯ ¤ îé¨¥   ¯ãç®ª ¢®«ë ¯à ªâ¨ç¥áª¨¥ ®âà ¦ îâáï   ¥£® £à ¨æ å. �¥ í«¥ªâà®®£®¯ãçª  k+ = k = !=c, k� = �!=c. � ¯à¥¤¥« å ¯ãç-ª  k� ¯à ªâ¨ç¥áª¨ ¥ ¨§¬¥ï¥âáï,   k+ = k + �k+ ;j�k+j � k.� á« ¡®â®çëå ��� ¢¥«¨ç¨ K � 1, çâ® § ¬¥â®§ âàã¤ï¥â § ¯ãáª £¥¥à â®à . � ¯à®â¨¢, ¢ á¨«ì®-â®ç®¬ ���, ª®£¤  jIm(�k+)jLund > 1, ¬®¦¥â ¡ëâì¤®áâ¨£ãâ ãà®¢¥ì ãá¨«¥¨ï ¯à¨ K � 1 á  ¤¥¦ë¬§ ¯ãáª®¬ £¥¥à â®à®£® à¥¦¨¬ . �®£¤  ãà ¢¥¨¥ (2)¯p¨¨¬ ¥â ¢¨¤2kLm + �k+Lund = 2�M + i ln jR1R2j ; (3)£¤¥ M = S � arg(R1R2)=2�, S | æ¥«®¥ ç¨á«®. � §¤¥-«ïï ¤¥©áâ¢¨â¥«ìãî ¨ ¬¨¬ãî ç áâ¨ ¢ (3), ¨¬¥¥¬2kLm + Re(�k+)Lund = 2�M;Im(�k+)Lund = ln jR1R2j: (4)



60 �¥áâ¨ª �®áª®¢áª®£® ã¨¢¥àá¨â¥â . �¥à¨ï 3. �¨§¨ª . �áâà®®¬¨ï. 1998. ü 3C®®â®è¥¨ï (4) § ¯¨á ë ¤«ï § ¤ ®© ç áâ®âë.�¥à¢®¥ á®®â®è¥¨¥ ®¯à¥¤¥«ï¥â ãá«®¢¨ï, ª®£¤  ¢®§-¬®¦® ¢®§¡ã¦¤¥¨¥ ¢ ¯ãçª¥ ¢®«ë § ¤ ëå ¬®¤ ¨ç áâ®âë. �¤ ª® ã¦¥ ¯®á«¥ ¯¥à¢®© æ¨àªã«ïæ¨¨ ¢®«-ë ¡ã¤¥â áª §ë¢ âìáï ¢®§¡ã¦¤¥¨¥ á®¡áâ¢¥ëå ª®-«¥¡ ¨© ¢ ®¯â¨ç¥áª®¬ à¥§® â®à¥. �®íâ®¬ã ª à á-á¬ âà¨¢ ¥¬®¬ã á®®â®è¥¨î ¥®¡å®¤¨¬® ¤®¡ ¢¨âìãá«®¢¨e ¢®§¡ã¦¤¥¨ï ¢ à¥§® â®à¥ ¢®« á â¥¬ ¦¥ § -ç¥¨¥¬ ç áâ®âë. �ª § ®¥ ¯à¨¢®¤¨â ª ¤®¯®«¨â¥«ì-®¬ã á®®â®è¥¨î2kLm = 2��N + n + q + 12 + �� ; (5)£¤¥ N , n, q | æ¥«ë¥ ç¨á« , � | á¬¥é¥¨¥ ¬®¤ë,®¯à¥¤¥«ï¥¬®¥ ¯ à ¬¥âà ¬¨ à¥§® â®à  [3]. �â®à®¥á®®â®è¥¨¥ (4) ®¯à¥¤¥«ï¥â áâ àâ®¢®¥ ãá«®¢¨¥ ¤«ïí«¥ªâà®®£® ¯ãçª  á § ¤ ë¬ ¯à®ä¨«¥¬ ¨ â®ª®¬ Ib.�¥©áâ¢¨â¥«ì®, ¢ «¨¥©®© á¨áâ¥¬¥ ¨ªà¥¬¥â ãá¨«¥-¨ï ¢®«ë Im(�k+) = �AI�b (á¬. ¤ «¥¥) ¨Ibst = � ln jR1R2j�1ALund �1=� : (6)�¥«¨ç¨  � =1=3 ¨ 2=5 ¤«ï è¨à®ª®£® ¨ á¦ â®£® í«¥ª-âà®®£® ¯ãçª  á®®â¢¥âáâ¢¥® [1, 4]. � ¯®á«¥¤¥¬á«ãç ¥ A = k0� 4kabIA�2=5 ; (7)£¤¥ IA = 17 ª�, k = k020. �®®â®è¥¨¥ (7)  £«ï¤®¨««îáâà¨àã¥â ¢ëáª § ®¥ ãâ¢¥à¦¤¥¨¥ ® â®¬, çâ®á¨«ì®â®çë© à¥¦¨¬ ¯à®ï¢«ï¥âáï â¥¬ § ¬¥â¥¥, ç¥¬¬¥ìè¥ í¬¨ââ á í«¥ªâp®®£® ¯ãçª .�¥«¨ç¨  R2 = (1�")1=2, £¤¥ ä ªâ®à "� 1 ¤ ¦¥ áãç¥â®¬ ¤®«¨ í«¥ªâà®¬ £¨â®£® ¯®â®ª , ¨§«ãç ¥¬®-£® ç¥à¥§ ¢ëå®¤®¥ §¥àª «®. �à¨ ®¯à¥¤¥«¥¨¨ ¢¥«¨ç¨-ë R1 ¥®¡å®¤¨¬® ãç¨âë¢ âì íää¥ªâ á¨«ì®£® ª - «¨à®¢ ¨ï í«¥ªâà®¬ £¨â®£® ¨§«ãç¥¨ï ¢ ®¡ê¥¬¥¯ãçª , ª®£¤  à §¬¥àë ¯®¯¥à¥ç®£® á¥ç¥¨ï í«¥ªâà®-¬ £¨â®£® ¯®â®ª  ¨ ¯ãçª  áâ ®¢ïâáï áà ¢¨¬ë¬¨.

�«¥ªâà®¬ £¨âë© ¯®â®ª, ®âà ¦¥ë© ®â ¢ëå®¤®-£® §¥àª « , ¢®§¢à é ¥âáï ª ¯¥à¢®¬ã §¥pª «ã,   § â¥¬¢ ®¤ã«ïâ®à, ¨á¯ëâë¢ ï ¤¨äà ªæ¨®®¥ à áè¨à¥¨¥.� à¥§ã«ìâ â¥ ¤®«ï í«¥ªâà®¬ £¨â®£® ¯®â®ª , ¢®§-¢à é ¥¬®£® ¢ ®¡ê¥¬ í«¥ªâà®®£® ¯ãçª , á¨¦ ¥âáï¤® § ç¥¨ï [5] F = �ab aE k2Ld �2 ; (8)£¤¥ ab ¨ aE | à ¤¨ãáë í«¥ªâà®®£® ¯ãçª  ¨ ª  -«¨à®¢ ®£® í«¥ªâà®¬ £¨â®£® ¯®â®ª , Ld = 2Lm��Lund. �ª®ç â¥«ì®R1 = F 1=2N+ ; (9)£¤¥ N+ | ç¨á«® ¯®¯ãâëå ¢®« (®¡ëç® N+ = 2�3[1, 2]).� æ¥«®¬ ª®««¥ªâ¨¢ë© à¥¦¨¬ ¢ ��� å à ªâ¥à¨-§ã¥âáï ®â®á¨â¥«ì® á« ¡®© § ¢¨á¨¬®áâìî ¢¥«¨ç¨ëáâ àâ®¢®£® â®ª  ®â ¯ à ¬¥âà®¢ á¨áâ¥¬ë.�«ï ª®ªà¥âëå ®æ¥®ª à áá¬®âà¨¬ ¯à¨¬¥à £¥¥-à æ¨¨ ¨§«ãç¥¨ï ¢ ¬¨««¨¬¥âà®¢®¬ ¤¨ ¯ §®¥, ¢ ¦-®¬ ¤«ï à §«¨çëå ¯à¨«®¦¥¨©, ¯à¨ ¨á¯®«ì§®¢ -¨¨ ãáª®à¨â¥«¥© á í¥à£¨ï¬¨ ¤® ¥áª®«ìª¨å ¬¥£ -í«¥ªâà®-¢®«ìâ. �®£¤  ¯à¨ �0 = 2 á¬, Lm = 2Lund,Lund = 200 á¬, ab = 0; 1 á¬, aE = 2� 3ab, 0 = 2 � 3§ ç¥¨¥ Ibst ¤®áâ¨£ ¥â ¥áª®«ìª¨å ¤¥áïâª®¢ ¬¨««¨- ¬¯¥à, çâ® ï¢«ï¥âáï ¯à¨¥¬«¥¬®© ¢¥«¨ç¨®© ¤ ¦¥ ¤«ï®¢¥©è¨å ãáª®à¨â¥«¥© ¥¯à¥àë¢®£® ¤¥©áâ¢¨ï.�¨â¥à âãà 1. Grishin V. K., Ishkhanov B.S., Novikova T. A., Shvedunov V. I. //Proc. Particle Accelerator Conf. Dallas, 1995. V. 1. P. 225.2. �à®å¨ �.�., �ã§e«¥¢ �.�., �®¨á¥¥¢ �.�. ¨ ¤à. �¥à ¢®-¢¥áë¥ ¯à®æ¥ááë ¢ ¯« §¬¥®© à ¤¨®ä¨§¨ª¥. �., 1982.3. Zvelto O. Principles of Lasers. N.Y.4. �®£¤ ®¢ �.�. // ���. 1990. 60, ü3. �. 60.5. � ¤ ã �.�., �¨äè¨æ �.�. �¥®à¨ï ¯®«ï. �., 1988. µ 61.�®áâã¯¨«  ¢ p¥¤ ªæ¨î23.07.97


